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ABSTRACT
Stage REM onse t  la tency  was h y p o th is i z e d  t o  be, in p a r t ,  a f u n c t i o n  
o f  th e  amount o f  v a r i a b l e  o r  novel s t i m u l a t i o n  exper ienced  b e fo re  s lee p .  
Ss in  th e  novel s t i m u l a t i o n  d e p r i v a t i o n  c o n d i t i o n  were expected t o  have 
s h o r te r  s tage REM l a t e n c ie s  than- Ss in the  novel s t i m u l a t i o n  en r ichment  
c o n d i t i o n .  Because o f  d i f f e r e n c e s  in le v e l s  o f  c o r t i c a l  a rousa l  o f  
persons te n d in g  toward i n t r o v e r s i o n  and e x t r a v e r s io n  (Eysenck, 1967), an 
i n t e r a c t i o n  a ls o  was p r e d ic te d  w i t h  th e  d e p r i v a t i o n - e n r i c h m e n t  c o n d i t i o n s  
having a g r e a t e r  e f f e c t  on Ss te n d in g  toward e x t r a v e r s i o n .
The en r ichm ent  c o n d i t i o n  c o n s is te d  o f  a re ce n t  movie (e .^g_. M .A .S .H .)  
and a p e r io d  in a room w i t h  p u z z e ls ,  tapes ,  s l i d e s ,  and a v a r i e t y  o f  
p syc h o lo g ic a l  d e m ons t ra t ion  equipment .  The d e p r i v a t i o n  c o n d i t i o n ,  which 
was equal in t im e  t o  th e  e n r ichm en t  c o n d i t i o n ,  c o n s is te d  o f  S_s read ing  
f o r  one and. a h a l f  hours and then e s t im a t in g  20-second t im e  i n t e r v a l s  f o r  
th e  nex t  t h r e e  hours .
The a n a ly s i s  o f  v a r ia n c e  showed t h a t  s tage REM s leep  o ccu r red  s i g n i f ­
i c a n t l y  e a r l i e r  a f t e r  s leep  o n se t  in  the  d e p r i v a t i o n  c o n d i t i o n ,  when com­
pared w i th  th e  en r ichm en t  c o n d i t i o n .  Though some measurements tended 
toward an i n t e r a c t i o n ,  t h e re  was no s i g n i f i c a n t  i n t r o v e r s I o n - e x t r a v e r s i o n  
i n t e r a c t i o n .
The r e s u l t s  were i n t e r p r e t e d  as s u p p o r t in g  th e  c o r t i c a l  homeostasis 
h yp o th es is  (Ephron and C a r r i n g to n ,  1966) and t o  a le s s e r  e x t e n t ,  the  
ocu lom o to r  c o n t r o l  h yp o th e s is  (B e rg e r ,  1969). I t  a l s o  was f e l t  t h a t  
due t o  the  small  number o f  unmatched S_s (10) th e  t re n d  toward an i n t e r a c ­
t i o n  was an i n d i c a t i o n  t h a t  s tage  REM s leep again  should  be examined in 
r e l a t i o n  t o  Eysenck 's  e x t r a v e r s io n  s c a le .
NOVEL STIMULATION ENRICHMENT AND DEPRIVATION 
EFFECTS ON EARLY STAGE REM SLEEP
INTRODUCTION
For t h i s  e x p e r im e n t ,  th e  p e r io d  o f  s leep in which ra p id  eye move­
ments (s tage REM) appear was hypothes ized  t o  be p a r t  o f  a p h y s io lo g i c a l  
mechanism t h a t  m a in ta in s  c o r t i c a l  arousa l  w i t h i n  c e r t a i n  op t im a l  l i m i t s  
d u r in g  pe r io d s  la c k in g  in novel o r  v a r i a b l e  s t i m u l a t i o n .  I t  has been 
shown exper imenta I  Iy t h a t  novel s t i m u l a t i o n ,  w i t h o u t  any c l a s s i c  d r i v e  
reduc ing  p r o p e r t i e s ,  can f u n c t i o n  as a p o s i t i v e  r e i n f o r c e r  (B e r ly n e ,
1960; B u t l e r  and Har low,  1954; B u t l e r ,  1953; Rober ts ,  Marx, and C o l l i e r ,  
1958). I t  is  a l s o  known t h a t  a p e r io d  o f  sensory  d e p r i v a t i o n ,  even f o r  
a r e l a t i v e l y  s h o r t  p e r io d  o f  t im e ,  can be a r a t h e r  unp leasan t  exper ience  
f o r  s u b je c ts  (Ss) (Bex ton ,  Heron, and S c o t t ,  1954; Heron, Doane, and 
S c o t t ,  1956; L i l l y ,  1956). However, f o r  a p p ro x im a te ly  the  o n e - t h i r d  o f  
each day when people  s le e p ,  th e r e  is  p r a c t i c a l l y  no novel e x te r n a l  s t i ­
m u la t io n  a t  a l l .  G e n e ra l l y ,  the  most e x c i t i n g  occurences a f t e r  going to  
s leep a re  o n e ’ s dreams. I t  is  i n t e r e s t i n g  t o  note t h a t ,  when n o v e l t y  is 
in c o rp o ra te d  i n t o  th e  s leep  s e t t i n g  such as i s  in th e  f i r s t  n i g h t  o f  
s le e p in g  in a l a b o r a to r y ,  the  amount o f  s tage REM s lee p  is s i g n i f i c a n t l y  
decreased (Dement, Kahn, and Rof fwarg ,  1965), and, as Ss become more 
f a m i l i a r  w i th  the  la b o r a to r y  s e t t i n g ,  stage REM p a t t e r n  r e tu r n s  t o  n o r ­
mal.  A connec t ion  between e x te rn a l  s t i m u l a t i o n  and REM s leep was sug­
ges ted .by  the  f i n d in g s  o f  A l b e r t ,  C i c a la ,  and Jerome (1970) .  They con­
c luded t h a t  d e p r i v a t i o n  o f  s tage REM s leep not  on Iy produces a d r i v e  
s t a t e  s i m i l a r  t o  t h a t  o f  hunger o f  t h i r s t ,  b u t  t h a t  s tage REM depr ived  
an ima ls  are more s e n s i t i v e  to  env ironmentaI  s t imu I ?. From the  research 
concern ing  stage REM s le e p ,  i t  becomes p o s s ib le  t o  c o n s id e r  s tage REM as
2
f u n c t i o n in g  as an endogenous form o f  c o r t i c a l  s t i m u l a t i o n .
A s e r in s k y  and K le i tman (1953, 1955) observed t h a t  eye movement found 
d u r in g  c e r t a i n  p e r io d s  o f  s leep  were an i n d i c a t i o n  o f  dreaming. They 
were soon suppor ted by Dement and K le i tman (1957a, 1957b) and Dement and 
Wo I p e r t  ( 1958) .
S ince some form o f  m en ta t ion  was o f t e n  repo r ted  by Ss when awakened 
from any s tage o f  s le e p ,  much c o n t ro v e rs y  arose as t o  whether o r  n o t  
th e  dream s t a t e  was s p e c i f i c a l l y  a sso c ia te d  w i t h  stage REM s leep  ( C a r t ­
w r i g h t ,  1966; Fou lkes ,  1962; FouIkes and Vogel ,  1965; Rechtschaffen, 
Verdone, and Wheaton, 1963). But re searche rs  found t h a t  th e y  were ab le  
t o  d i s t i n g u i s h  between r e p o r t s  on m e n ta t ion  ob ta in e d  from Ss awakened 
from s tage REM s leep and stage non-REM (NREM) s le e p .  Monroe, Recht­
scha f  fe n ,  Fou lkes ,  and Jensen (1965) c l a s s i f i e d  r e p o r t s  t h a t  were p r i ­
m a r i l y  pe rcep tua l  as coming from s tage REM s leep and c l a s s i f i e d  those 
t h a t  were p r i m a r i l y  conceptua l  o r  lack ing  in c o n te n t  as coming from 
stage NREM. The accuracy o f  th e  judgments ranged from 80$ t o  89$ c o r ­
r e c t  s tage REM-NREM i d e n t i f i c a t i o n  depending on whether ju d g in g s  were 
from i n t e r -  o r  i n t r a - s u b j e c t  r e p o r t s .
F i s s ,  K l e i n ,  and B o ke r t  (1966) had s u b je c ts  t e l l  Thematic  Appercep­
t i o n  T e s t  s t o r i e s  a f t e r  being awakened from e i t h e r  s tage REM o r  NREM 
s le e p .  They found t h a t  on awakenings from stage REM s leep  S_sT s t o r i e s  
had more v i v i d  imagery w i t h  g r e a t e r  emphasis on th e  v i s u a l  m o d a l i t y ,  
more in tense  a f f e c t ,  and more pe rcep tua l  d i s t o r t i o n s  and b i z a r r e  i n t r u ­
s i v e  th o u g h ts  than a f t e r  NREM awakenings. More r e c e n t l y ,  M o l i n a r i  and 
Foulkes (1969) found t h a t  th e  d i f f e r e n c e s  in s leep m e n ta t ion  depend more 
on whether o r  no t  Ss a re  awakened d u r in g  th e  ac tu a l  p e r io d s  o f  eye move­
ment w i t h i n  stage REM r a t h e r  than a t  anyt ime d u r in g  stage REM. Reports  
(scored  " b l i n d " )  o f  £s awakened d u r in g  th e  q u ie s c e n t  p a r t  o f  s tage REM
conform more w i th  NREM r e p o r t s ,  w h i l e  r e p o r t s  o f  Ss awakened d u r in g  
the  a c tu a l  eye movements were q u a l i t a t i v e l y  d i f f e r e n t  c o n t a in i n g  p r i ­
m a r i l y  v i s u a l  imagery.
Besides th e  a s s o c ia t i o n  o f  dreaming d u r in g  s tage REM, th e re  are 
o t h e r  i n d i c a t o r s  t h a t  s tage  REM is  s t i m u l a t i n g  o r  a ro u s in g .  Most com­
monly a s s o c ia te d  w i t h  the  occurence o f  s tage REM s leep  is th e  change 
in th e  E lec t roencepha log raph  (EEG) re c o rd in g  which c l o s e l y  resembles 
re co rd in g s  made from a person in  an awakened a l e r t  s t a t e .  A lso  th e re  
is  an ac tua l  e le v a t i o n  in th e  f requency o f  neuronal  f i r i n g  th ro u g h o u t  
th e  sensory  and motor  areas o f  th e  b r a in  d u r in g  s tage  REM s leep  (H u t te n -
Io ch e r ,  - 1961; E va r ts ,  1962; E v a r ts ,  1964).
O ther  than c o r t i c a l  a r o u s a l ,  t h e r e  is f r e q u e n t l y  d u r in g  s tage REM 
an inc rease  o f  h e a r t  r a te  (A s e r in s k y  and K le i tm a n ,  1953), which is  now 
cons idered  more o f  an i r r e g u l a r  h e a r t  r a te  (S h a p i ro ,  Goodenough, B ie d e r -  
man, and S le s e r ,  1964; J o u v e t ,  M ic h e l ,  and Mounier ,  1960; Snyder, 1965; 
Snyder, Hobson, M o r r i s o n ,  and G o ld f ra n k ,  1964); i r r e g u l a r  b lood p re s ­
sure  (C ard fa ,  Fava le ,  G iu s s a n i ,  and R oss i ,  1962; Guazzi and Z a n c h e t t ! , 
1965); i r r e g u l a r  r e s p i r a t i o n  (A s e r in s k y  and K le i tm an ,  1953); and p e n i l e  
e r e c t i o n  ( F i s h e r ,  Gross, and Zach,. 1965). A lso  th e re  a re  f i n e  muscle 
movements in  th e  m idd le  e a r  (Dewson, Deuent,  and Simmons, 1965), in the
la r y n x  (B a ld r i d g e ,  Whitman, and Kramer, 1965), and in th e  hands and f e e t
( B a ld r i d g e ,  Whitman, and Kramer, 1965; Jacobson, Ka les ,  Lehmann, and 
Hoedemachen, 1964). Hartman (1967) conc ludes t h a t  such muscle movements 
a re  most l i k e l y  r e la t e d  t o  dream c o n te n t .  A ls o ,  the  f requency  o f  gross 
body movements is  g r e a t e s t  d u r in g  s tage  REM (Kamiya, 1962). Such move­
ments occu r  between b u rs ts  o f  eye movement (Dement and K le i tm a n ,  1957a; 
Dement and W o lp e r t ,  1958), and are th o u g h t  t o  be rough i n d i c a t o r s  o f  a 
change in dream m e n ta t io n ,  w h i l e  th e  f i n e  muscle movements o ccu r  d u r in g
b u rs ts  o f  eye movement. I t  is  reasonab le  t o  assume t h a t  such s tage 
REM a c t i v i t y  g ives  some s t i m u l a t i n g  p r o p r i o c e p t i v e  feedback which can 
e f f e e t  c o r t I c a I  a r o u s a l .  O the r  changes d u r in g  s tage REM a re :  an i n ­
crease in oxygen consumption (B rebb ia  and A l l s h u l e r ,  1965), and an 
inc rease  in b r a in  tem p e ra tu re  (K e ty ,  1967).
In summary, i t  has been shown t h a t :  (1) t h e r e  is  a need f o r
novel s t i m u l a t i o n  d u r in g  one ’ s waking s t a t e ;  (2) t h e r e  is  l i t t l e ,  i f  
any, e x te rn a l  s t i m u l a t i o n  p re s e n t  d u r in g  s le e p ;  and (3) t h e r e  are  
a p p a re n t l y  s leep p e r io d s  d u r in g  th e  n ig h t  in  which endogenous s t im u ­
l a t i o n  takes pl ace i n o r d e r  t o  m a in ta i  n a c e r t a i n  leve l  o f  c o r t i c a l  
a ro u s a l .  A c c o r d in g l y ,  i f  s tage  REM were th e  r e s u l t  o f  lack  o f  novel 
s t i m u l a t i o n  d u r in g  s le e p ,  i t s  on se t  and length  shou ld  a l s o  be a f f e c t e d  
by lack  o f  s t i m u l a t i o n  p r i o r  t o  s le e p .  Wood (1962) found t h a t  s o c ia l  
i s o l a t i o n  o f  Ss b e fo re  s leep  r e s u l t e d  in a 60$ increase  in the  length 
o f  th e  f i r s t  dream p e r io d .  Such a r e s u l t  was i n t e r p r e t e d  as S_’ s 
"wish f u l f i l l m e n t . ”  S c o t t  and K e l t y  (1969) u s in g  p re -s le e p  i s o l a t i o n  
a ls o  found an increased s tage  REM t im e ,  b u t  o n ly  in 70$ o f  t h e i r  Ss.
In th e  pi  l o t  s tudy  f o r  t h i s  exper im ent  (Ware and Shopp, 1970), two 
s u b je c ts  were i s o l a t e d  in a smal l  c u b i c l e  f o r  e i g h t  hours p r i o r  t o
s leep w i th  o n ly  books to  read.  The f i r s t  s tage  REM p e r io d  f o r  each o f
\
t h e  Ss was found to  o c c u r  approx imate  Iy f o r t y  minutes sooner than on 
o t h e r  more s t i m u l a t i n g  n ig h t s .
For th e  p re s e n t  e xp e r im e n t ,  bes ides v a r y in g  p re -s le e p  s t i m u l a t i o n  
a measure o f  c o r t i c a l  arousa l  was made w i t h i n  the framework o f  Eysenck 
(1963, 1967) th e o ry  o f  i n t r o v e r s i o n - e x t r a v e r s i o n . The amount o f  c o r t i  
cal  e x c i t a t i o n  o r  arousa l  is  b e l ie v e d  by Eysenck to  be th e  u n d e r l y in g  
f a c t o r  o f  p e r s o n a l i t y  d i f f e r e n c e s  between i n t r o v e r t s  and e x t r a v e r t s .  
Such arousa l  is  a f f e c t e d  in p a r t  by e x te rn a l  s t i m u l i  and is  c l o s e l y
6c o n t r o l l e d  by a feedback loop co n ne c t in g  th e  c o r t e x  w i th  th e  ascending 
r e t i c u l a r  a c t i v a t i n g  system. However, th e  r e l a t i o n s h i p  between e n v i ­
ronmental s t i m u l i  and c o r t i c a l  a rousa l  cannot be d i r e c t l y  p r o p o r t i o n a I . 
For ,  w h i l e  the  amount o r  i n t e n s i t y  o f  phys ica l  s t i m u l a t i o n  can increase 
a lm os t  i n f i n i t e l y ,  th e  amount o f  c o r t i c a l  arousa l  cannot .  As p hys ica l  
s t i m u l a t i o n  inc re a se s ,  c o r t i c a l  a rousa l  begins to  approach an asymptote 
o r  p o s s ib l y  to  even decrease.
E x t r a v e r t s  are th o u g h t  t o  have h ig h e r  t h re s h o ld s  to  s t i m u l i  and 
more a d a p ta t io n  to  c o n t inu e d  s t i m u l a t i o n s  as compared to  i n t r o v e r t s  
(Eysenck, 1967). T h e re fo re ,  in any g iven  normal s t im u lu s  s i t u a t i o n  
(See F igu re  1 ) ,  (A) the  i n t r o v e r t s  would be cons idered  more s e n s i t i v e
I n s e r t  F igu re  ! about here.
and thus  have t h e i r  a rousa l  curve s h i f t e d  t o  th e  l e f t  o f  th e  e x t r a v e r t  
a rousa l  cu rve .  I f  t h e  s t im u lu s  s i t u a t i o n  were now increased (B ) ,  both 
e x t r a v e r t s  and i n t r o v e r t s  would c l im b  f u r t h e r  a long t h e i r  r e s p e c t i v e  
cu rv e s .  The c o r re sp o n d in g  change in c o r t i c a l  a rousa l  would be less f o r  
i n t r a v e r t s  s in c e  th e y  a re  c l o s e r  t o  th e  peak o f  t h e i r  cu rve .
There is  much research t h a t  has been i n t e r p r e t e d  as s u p p o r t in g  
Eysenck’ s h yp o th es is  t h a t  i n t r o v e r t s  are more aroused than e x t r a v e r t s .  
Shagass (1957) and Eysenck (1957) agree t h a t  both the  s e d a t io n  t h re s h o ld  
and i n t r o v e r s i o n - e x t r a v e r s i o n  (as measured by th e  Maudsley P e r s o n a l i t y  
In ve n to ry  CMPI3) a re  f u n c t i o n s  o f  the  same c o r t i c a l  e x c i t a t i o n  and 
i n h i b i t i o n  (Mundy-Cast Ie ,  1958). Most o f  th e  o t h e r  research has been 
done us ing  v i g i l a n c e  o r  r e a c t i o n  t im e  t a s k s .  (e_. cj_., Bakan, 1959; Coco- 
ran ,  1965; Davies and Hockey, 1966). I f  an i n v e r t e d  U f u n c t i o n  (Broad- 
b e n t ,  1963) is  hypo thes ized  as the  r e l a t i o n  o f  a rousa l  t o  per fo rmance,
FIGURE I
THE EFFECTS OF TWO DIFFERENT LEVELS OF STIMULATION ON EXTROVERTS
AND INTROVERTS
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8i n t r o v e r t s  a c c o r d in g ly  per fo rm b e t t e r  a t  low le v e l s  o f  arousa l  w h i l e  
e x t r a v e r t s  per fo rm b e t t e r  a t  the  h ig h e r  l e v e ls  o f  a ro u s a l .
I f ,  th e n ,  s tage  REM s leep  is  a fu n c t i o n  o f  c o r t i c a l  a ro u s a l ,  i t  
is  expected t h a t  e x t r a v e r t s  w i l l  show l a r g e r  d i f f e r e n c e s  in  s tage  REM 
la tency  between s t i m u l i  e n r ichm en t  and d e p r i v a t i o n  c o n d i t i o n s  than 
i n t r o v e r t s .
Of th e  p re s e n t  t h e o r i e s  on s tage REM s le e p ,  Ephron and C a r r i n g ­
t o n ' s  ( 1966) c o r t i c a I  homeostasis  h yp o th es is  wou ld .be  most suppor ted  
by th e  p r e d ic te d  r e s u l t s  o f  t h i s  exper im en t .  The c o r t i c a l  homeostasis 
h yp o th es is  s ta te s  t h a t  NREM s leep  a l lo w s  f o r  a loss o f  c e re b ra l  v i g i ­
lance and t h a t  REM s leep  m a in ta in s  a c e r t a i n  leve l  o f  c o r t i c a l  tonus 
" th rou g h  a process o f  endogenous a f f e r e n t a t i o n . "  Thus, d u r in g  a s t i ­
mulus d e p r i v a t i o n  p e r io d  b e fo re  s le e p ,  c o r t i c a l  tonus shou ld  be reduced 
and lead t o  e a r l i e r  s tage  REM s le e p .
B e rg e r ' s  (1969) o c cu lo m o to r  c o o r d in a t i o n  h y p o th e s is  a l s o  contends 
t h a t  s tage REM serves as a form o f  s t i m u l a t i o n .  However, B e r g e r ' s  hy­
p o th e s is  s ta te s  t h a t  eye movements d u r in g  s tage  REM serve  s p e c i f i c a l l y  
t o  m a in ta in  neuromuscuIar  c o o r d i n a t i o n  o f  th e  eyes. Though Berger  
p resen ts  much s u p p o r t i n g  ev idence ,  i t  is  o f t e n  c o n s i s t e n t  w i t h  t h e  idea 
o f  s tage REM s leep m a in ta in in g  a more genera l  " c o r t i c a l  c o o r d i n a t i o n . "  
I t  is  p a r t i c u l a r l y  u n c le a r  how Berger  e x p la in s  th e  appa ren t  a c t i v a t i o n  
o f  o t h e r  systems (e_. g_. , f i n e  muscle movement in  th e  e a r ,  p e n i l e  e re c ­
t i o n )  t h a t  occu r  w i t h  s tage  REM s le e p .  To a c t u a l l y  r e j e c t  o r  su p po r t  
B e rg e r ' s  h y p o th e s is ,  a s tudy  would have to  be done in  which S_s re c e iv e  
v a ry in g  l e v e ls  o f  s t i m u l a t i o n  th rough  senses o t h e r . t h a n  th e  eyes. To 
do so would g r e a t l y  l i m i t  th e  d i f f e r e n t i a t i o n  between any s t i m u l a t i o n  
en r ichm ent  and d e p r i v a t i o n  c o n d i t i o n s ,  un less perhaps an a c tu a l  sensory 
d e p r i v a t i o n  s i t u a t i o n  is  used f o r  one o f  th e  s t i m u l a t i o n  c o n d i t i o n s .
U n f o r t u n a t e l y ,  sensory  d e p r i v a t i o n  can o r i g i n a l I y  be r a t h e r  noveI 
compared t o  S s ' normal eve ry  day e xp e r ie n ce .  A lso ,  i t  is  d i f f i c u l t  t o  
in su re  t h a t  Ss a re  both s e n s o r i a l i y  depr ived  and awake. T h e re fo re ,  
the  p re s e n t  exper im en t  was designed t o  determ ine  whether  v a ry in g  leve l :  
o f  s t i m u l a t i o n  a f f e c t e d  s tage  REM a t  a l l ,  r a t h e r  than t o  de te rm ine  i f  
s t i m u l a t i o n  were s p e c i f i c  t o  th e  ocu lo m o to r  system. By lo o k in g  a t  
data on eye movement and s tage  REM d e n s i t y ,  some i n d i c a t i o n  o f  th e  
v a l i d i t y  o f  th e  o cu lo m o to r  i n n o v a t io n  h yp o th e s is  may be o b ta in e d .
Dewan's (1968) P o r  programming h yp o th es is  m a in ta in s  s tage REM is  
necessary f o r  programming t h e  b r a i n ,  j_. e_. , s tage REM s leep  "o rg a n ize s  
and s to re s  memories and behav io ra  l and pe rcep tua l  p rograms. . . . (p .  365) 
Evidence such as increased  s tage  REM s leep  in i n f a n t s ,  l i t t l e  o r  no 
s tage  REM s leep  in  lower a n im a ls ,  and increased s tage  REM d u r in g  im­
p r i n t i n g  is  he ld  as s u p p o r t  f o r  th e  h y p o th e s is .  A c c o r d in g l y ,  S_s in a 
s t i m u l a t i o n  e n r ichm en t  c o n d i t i o n  shou ld  e xper ience  more s tage  REM 
s leep  s in c e  they  a re  faced w i t h  a more nove! env i ronm en t  r e q u i r i n g  
more programming. Such a f i n d i n g  would be o p p o s i te  t o  what would be 
p r e d ic te d  by e i t h e r  Ephron and C a r r i n g to n  (1966) o r  Be rge r  (1969) .
Summarizing,  th e  des ign  o f  t h e  exper im en t  compares two l e v e ls  o f
s t i m u l a t i o n  (novel s t i m u l a t i o n  e n r ich m e n t  and novel s t i m u l a t i o n  d e p r i -
*
v a t i o n )  and two groups d i s t i n g u i s h e d  by e i t h e r  h igh o r  low scores on 
an e x t r a v e r s i o n  s c a le .  The p r e d i c t i o n s  a re  t h a t  stage REM la tency  w i l  
be s h o r t e r  a f t e r  th e  d e p r i v a t i o n  c o n d i t i o n  than a f t e r  t h e  en r ichm en t  
c o n d i t i o n .  A ls o ,  an i n t e r a c t i o n  is  p r e d ic te d  between th e  group te n d ­
ing toward e x t r a v e r s i o n  and th e  group te n d in g  toward i n t r o v e r s i o n ,  
w i th  the  two s t i m u l a t i o n  c o n d i t i o n s  caus ing g r e a t e r  s tage REM la tency  
d i f f e r e n c e s  w i t h i n  t h e ’ e x t r a v e r s io n  group.
METHOD
Sub jec ts
S ix  e x t r a v e r t s  (E_ group)  and s i x  i n t r o v e r t s  (J_ group) were s e le c ­
te d  from a group o f  93 male c o l l e g e  s tu d e n ts  on t h e  bas is  o f  t h e i r  
extreme scores on th e  EPI e x t r a v e r s i o n  s c a le  ( fo rm  B ) . One S_ from 
each group comp Ie ted  o n ly  th e  a d a p ta t io n  n i g h t  and d id  no t  c o n t in u e  
w i t h  the  e xp e r im e n t .  Mean va lues  f o r  th e  f i v e  S_s in each group who 
completed the  e xper im en t  a re  shown in  Table  1. There were no d j f f e r -
I n s e r t  Tab le  1 about here.
ences between th e  two groups on n e u r o t i c i s m  o r  l i e  s c a le  sco res ,  bu t  
s u b s t a n t i a l  d i f f e r e n c e s  (as expected)  on th e  e x t r a v e r s i o n  sco re s .  Oh 
th e  e x t r a v e r s i o n  s c a le ,  such scores p lace  th e  _E group mean in th e  
n i n e t y - f o u r t h  p e r c e n t i l e  and t h e  J_ group in th e  t h i r d  p e r c e n t i l e  on 
norms f o r  American coI Iege s tu d e n ts  (Eysenck and Eysenck, 1968). On 
the  n e u r o t i c i s m  s c a le  both groups f a l l  between th e  f i f t y - n i n t h  and 
s i x t y - t h i r d  p e r c e n t i l e s ,  and between the  f o r t y - f i r s t  and f o r t y - n i n t h  
p e r c e n t i l e s  on t h e  l i e  s c a le  sco re .  ( In c r e a s in g  p e r c e n t i l e  scores 
r e f e r  t o  in c re a s in g  n e u ro t i c i s m  o r  " l y i n g . " )
Appa ra tus
The room i n which Ss s l e p t  (a p p ro x im a te ly  11.5 X 10.5 f t . )  was 
equipped w i th  a h o s p i t a l  bed and was a d ja c e n t  t o  th e  re c o rd in g  room. 
Though a one-way m i r r o r  connected the  rooms, f l o o r  t o  c e i l i n g  c u r t a i n s  
c o v e r in g  the  m i r r o r  in t h e  s leep  room were c lo s e d .  Temperature in th e
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s leep  room was m a in ta ined  a t  a p p ro x im a te ly  69 degrees F.
P h y s io lo g ic a l  measurements were taken and recorded by a p o r ta b le  
E & M Ins t rum en t  Company Phys iograph Model Four.  S i l v e r  d i s c  e l e c ­
t ro d e s  were a t ta ch e d  w i th  Redux o r  Grass e le c t r o d e  pas te  by means o f  
tape  (on th e  s k i n )  and gauze pads soaked in co lod ium (on th e  head) . 
Procedure
A l l  S_s f i r s t  spent  an a d a p ta t io n  n ig h t  in th e  l a b o r a t o r y .  Sub­
j e c t s  a r r i v e d  a l i t t l e  b e fo re  11:30 p. m. , were again shown th e  lab 
and re co rd in g  equ ipment ,  and were t o l d  t h a t  th e  purpose o f  th e  e x p e r i ­
ment was t o  s tudy  s tage REM s leep  and dreaming. Su b je c ts  had p re v io u s ­
ly seen th e  lab and had been g iven th e  s Ieep -d ream ing  e x p la n a t i o n  as 
th e  purpose o f  th e  exper im en t  when they  were be ing  r e c r u i t e d .  E lec ­
t r o d e s  were a t tached  and S_s were in bed by a p p ro x im a te ly  12:00 mid- 
n i g h t .
The a d a p ta t io n  n i g h t  was fo l l o w e d  in t h e  nex t  two n ig h ts  by novel 
s t i m u l a t i o n  en r ichm en t  and novel s t i m u l a t i o n  d e p r i v a t i o n  c o n d i t i o n s .
The o r d e r  o f  th e  s t i m u l a t i o n  c o n d i t i o n s  was randomized. S_s a r r i v e d  
a t  a p p ro x im a te ly  6 :45 and were in bed by 12:00 m id n ig h t .  In th e  en­
r ichm e n t  c o n d i t i o n ,  S_s s e le c te d  one o f  th e  t h r e e  loca l  movies t o  a t ­
tend (Tab le  2) from 7:00 t o  a p p ro x im a te ly  9 :00  p. m, Sub jec ts  were
I n s e r t  Tab le  2 about here .
taken to  and p icked  up from th e  movies by E_. A f t e r  th e  movie, S_s spent 
th e  r e s t  o f  th e  even ing  ( u n t i l  11:30) in a la rge  room (a p p ro x im a te ly  
35 X 18 f t . )  across th e  h a l l  f rom th e  s leep  lab .  The room con ta ined  
s l i d e s ,  a p r o j e c t o r ,  tapes o f  unusual n o ise s ,  p u zz le s ,  magazines (back 
issues o f  Avant Garde) , and la b o ra to r y  equipment such as: a r e la y  rack
TABLE I
PERSONALITY AND DEMOGRAPHIC CHARACTERISTICS 
OF THE GROUPS SELECTED FOR STUDY
Group Ss
Eysenck P e r s o n a l i t y 1n ven to ry Scores
E x t ra v e rs  i on Meurot i  c i  sm L ie  Seale Age C l ass
1 6 12 0 18 So
2 3 13 0 19 So
3 9 1 I 1 19 J r
1n t ro v e r+ s 4 9 14 0 19 So
(1 Group) 5 9 13 1 21 Sr
X 7 .2 12.6 .4 19.2
SD 2.68 1 .14 .547 1 .09
6 22 14 0 19 So
7 20 12 1 19 So
8 21 1 1 0 20 Sr
E x t r a v e r t s 9 19 13 0 20 J r
(E Group) 10 19 1 1 0 18 Fr
X 20.2 12.2 .2 19.2
SD 1 .30 1 .30 .447 .836
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TABLE 2
MOVIES ATTENDED
Groups
jMovies
T i t l e C 1 ass i f  i c a t i  on
G e t t i n g  S t r a i g h t R
Joe X
E x t r a v e r t s The Boys in the  Band 
L ion  in W in te r
R
v - - • ... S a t y r i  con X
M.A.S.H. R
The V i r g i n  and th e  Gypsy R
J n t r o v e r t s Ta le  o f  th e  Deans Wife X
The House o f  Dark Shadows GP
Honeymoon K i 1le rs R
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s e t  up w i th  b l i n k i n g  I i g h t s ,  c I i c k i n g  cou n te rs  and a mu 11 i - s t im u  1 us 
p r o j e c t o r ,  p u r s u i t  r o t o r  w i th  t i m e r ,  a r o t o r  w i t h  a la rge  assor tment  
o f  c o lo r  wheels and s p i r a I s ,  a v i s u a I  c l i f f ,  a r a t  and S k in n e r  box.
The s l i d e s  f o r  the  p r o j e c t o r  were m a in ly  examples o f  American a r c h i ­
t e c t u r e ,  a l th ou g h  th e r e  were a few underwater  p i c t u r e s  o f  f i s h  and 
co ra l  r e e f s .  The puzz les  inc luded  a L a b r i n th s p e i I  I game, a box o f  
metal  r i n g  p u zz le s ,  and a wooden b lo c k  t h a t  w i th  luck  cou ld  be taken 
a p a r t  and reassembled. The room was a ls o  used as a s to reroom and 
con ta in e d  some obscure " j u n k . ”  The f o l l o w i n g  i n s t r u c t i o n s  were g iven  
t o  S_s:
"Your  t a s k  t o n i g h t  is t o  lea rn  as. much about t h i s  room as you can. 
That  in c lu d e s  f i n d i n g  o u t ,  i f  you can, not o n ly  what is  in t h i s  room, 
b u t  what i t  does and how t o  op e ra te  i t .  O b v io us ly  t h e r e  is  not enough 
t im e  t o  i n v e s t i g a t e  e v e r y th in g  in the  e n t i r e  room th o ro u g h ly  
be fo re  you go t o  bed. I t  would even be p o s s ib le  t o  spend your  
e n t i r e  t im e  on two o r  t h r e e  o b je c t s .  What is  suggested is  t h a t  you 
spend your  t im e  on t h i n g s  t h a t  appear most i n t e r e s t i n g  t o  you and not 
on t h i n g s  you t h i n k  you ough t  t o  i n v e s t i g a t e  o r  f i n d  o u t  f o r  the  sake 
o f  the  exper im ent .  I f  by some chance you do run o u t  o f  t h i n g s  t o  do, 
come t o  see me across  th e  ha I I . "
No S_ eve r  re p o r ted  runn ing  o u t  o f  t h i n g s  t o  do. A t  I I :30 S_ p re ­
pared f o r  bed and e le c t r o d e s  were a t ta ch e d .
The d e p r i v a t i o n  c o n d i t i o n  cons is ted ,  o f  a th r e e  hour p e r io d  b e fo re  
s leep (8 :30  -  11:30) in which _Ss were re q u i re d  to  e s t im a te  20 second 
t im e  i n t e r v a l s  by ta p p in g  on a te le g ra p h  key. S u b je c ts  were g iven  the  
f o l l o w i n g  i n s t r u c t i o n s :
"Your t a s k  t o n i g h t  is  t o  e s t im a te  20 second t ime  i n t e r v a l s .  I t  is 
up t o  you whether you count  o r  no t .  Though such a ta s k  may seem r a th e r
i n s i g n i f i c a n t ,  i t  is  a c t u a l l y  an im p o r ta n t  p a r t  o f  th e  exper im ent .
One o f  th e  t h i n g s  t h a t  w i I  I be looked a t  is  th e  r e l a t i o n s h i p  o f  o n e ’ s 
a b i l i t y  t o  e s t im a te  s h o r t  i n t e r v a l s  o v e r  an.extended p e r io d  o f  t im e  
w i t h  subsequent s tage  REM s le e p .
You wi I I be g iven a s h o r t  break a t  th e  h a l f -w a y  m ark . "
Though t im e  e s t im a t io n s  were looked a t ,  t h e i r  major  f u n c t i o n  was 
t o  al  low f o r  m o n i t o r i n g  o f  th e  S_ in o r d e r  t o  make su re  he d id  no t  f a l l  
as leep .  Be fo re  th e  a c tu a l  t im e  e s t i m a t i o n ,  S_ spent  a H  hour  p e r io d  
(7 :00  -  8:30 p. m.) in th e  same room (a p p ro x im a te ly  5 X 5  f t . )  s tu d y ­
ing .  Again a t  11:30 S prepared f o r  bed and e le c t r o d e s  were a t ta ch e d .
EIect roencephaIogram ( EEG), e Ie c t r o -o c u Io g ra m  . ( EOG), and e le c t ro m y o ­
gram (EMG) re c o rd in g s  were m ade ' fo I  lowing th e  procedure  o u t l i n e d  by 
R ech tscha f fen  and Kales (1968) .  The EEG in fo r m a t io n  was taken from 
t h e  top  o f  th e  head ( e i t h e r  C4 o r  03 p lacement)  and r e fe r r e d  t o  th e  
o p p o s i t e  e a r .  The EOG re c o rd in g s  v/ere taken  from e le c t r o d e s  p laced 
o u t s i d e  th e  o u te r  canthus o f  each eye and r e f e r r e d  t o  an ea r  lobe. 
Record ings o f  EMG were made from e le c t r o d e s  p laced on th e  muscle be­
neath th e  c h in .  The po lygraph  re c o rd in g s  were taken  th rough a minimum 
o f  th e  f i r s t  130 minutes a f t e r  s leep  onse t  o r  th rough  th e  f i r s t  s tage  
REM p e r io d  s in c e  i t  was f e l t  t h a t  p r e -s le e p  c o n d i t i o n s  would have t h e i r  
g r e a t e s t  e f f e c t  on th e  f i r s t  s tage  REM p e r io d .
Sub jec ts  were awakened the  n e x t  morning between 7:00 and 8:00 a. m. 
acco rd ing  t o  t h e i r  req ue s t .  They were i n s t r u c te d  no t  t o  use any a lco h o l  
o r  drugs d u r in g  th e  course o f  th e  exper im ent .
The po lyg raph  re c o rd in g s  were scored a cco rd in g  t o  th e  R ech tscha f fen  
and Kales (1968) manual us ing  30 second epochs. Recordings were iden ­
t i f i e d  by a number (S_ number) and a. l e t t e r  (A, B, o r  C) a c c o rd in g  t o  
whether  i t  was th e  f i r s t ,  second, o r  t h i r d  n ig h t  spen t  In th e  lab .  The
a c tu a l  c o n d i t i o n  f o r  each S_ (en r ich m e n t  o r  d e p r i v a t i o n  and J_ o r  E) was 
recorded s e p a ra te  Iy a Iong w i th  th e  da te .  When s c o r in g  th e  re co rd s ,  E_ 
d id  no t  know t o  what c o n d i t i o n  the  p a r t i c u l a r  reco rd  be ing scored be­
longed. Dr. P e te r  Hauri  o f  t h e  Un i ve rs  i t y  o f  Vi rg i n i a Sleep and Dream 
Lab p a r t i a l l y  checked th e  s c o r in g  by _E. As a f u r t h e r  check, JE a t tempted  
t o  determ ine  th e  c o n d i t i o n  represen ted  by each number seve ra l  weeks 
a f t e r  hav ing  scored a l l  re co rd s .  Out o f  th e  20 e n r i c h m e n t - d e p r i v a t i o n  
n i g h t s ,  E was ab le  t o  guess 10 c o r r e c t l y ,  which is  e x a c t l y  chance.
W i th in  a week a f t e r  com p le t in g  th e  exper im en t  S_ ra ted  the  d e p r i ­
v a t i o n  and e n r ichm en t  c o n d i t i o n s  on a cont inuum (scored  on a 10 p o in t  
s c a le )  from very  d u l l  t o  ve ry  i n t e r e s t i n g .
RESULTS
A l l  S_s had a t  l e a s t  one s tage REM p e r io d  w i t h i n  th e  f i r s t  130 
minutes a f t e r  s leep  o n s e t .  One S_, however, had a ve ry  s h o r t  pe r io d  
o f  s c o ra b le  s tage REM on Iy 7 .5  m inutes a f t e r  s leep  o n se t  and another  
much longer  p e r io d  l a t e r  on. S ince i t  was f e l t  t h a t  s c o r in g  s tage 
REM la tency  as b eg inn ing  7 .5  m inutes a f t e r  s leep  o n se t  and ig n o r in g  
th e  longer  s tage  REM p e r io d  would n o t  g i v e  an a ccu ra te  p i c t u r e  o f  
s tage -REM " n e e d , ” a n o th e r  measure o f  s tage REM "need” was used along 
w i t h  s tage REM la te n c y .  For each S_ an average s tage  REM appearance 
(ARA) sco re  was c a l c u l a t e d  by ave rag ing  to g e th e r  th e  onse t  t imes o f  
a l l  30 second epochs t h a t  cou ld  be scored as be ing  stage REM.
As shown in  t h e  a n a l y s i s  o f  v a r ia n c e  (Tab le  4) th e  ARA occurred  
e a r l i e r  a f t e r  d e p r i v a t i o n  than a f t e r  th e  en r ichm en t  (F = 7 . 9 6 ,  d f  =
1, 8, p < .025, repeated measures design on e n r i c h m e n t - d e p r i v a t  ion 
c o n d i t i o n s  t h r o u g h o u t ) .  There was no d i f f e r e n c e  between th e  i n t r o -  
v e r t s  and e x t r a v e r t s  (F = .107, d f  = 1, 8, n s ) .  Nor was th e  i n t e r ­
a c t i o n  s i g n i f i c a n t  (F = 2 .4 3 ,  d f  = 1, 8, p < . 2 ) .  Tab le  3 inc ludes
I n s e r t  Tables 3 and 4 about here, 
mean scores on a l l  measurements ta ke n .
\
The a n a ly s i s  o f  v a r ia n c e  f o r  s tage  REM la tency  (Tab le  5) a l s o  
i n d i c a te s  stage REM s leep  occu r red  e a r l i e r  a f t e r  t h e  d e p r i v a t i o n  con­
d i t i o n  (F = 18.49, d f  = 1, 8, p < .0 0 5 ) .  The d i f f e r e n c e  in th e  p ro ­
b a b i l i t y  le v e ls  found us ing ARA as a measure and s tage  REM la te ncy  was
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TABLE 4
ANALYSIS OF VARIANCE FOR AVERAGE'REM APPEARANCE (ARA)
Sou roe d f MS F
! n t r o v e r s  i on 
E x t ra v e rs  ion
1 66.98 .107
Between E r r o r 8 624.71
D e p r i v a t i o n  
Enr ichment
1 700.93 7 .9 6 *
1n t e r a c t i  on 1 213.86 2.43
W i th i n  E r r o r 8 88.03
*p  <. .025
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m a in ly  due t o  the  one po lyg raph  record  Tn th e  d e p r i v a t i o n  c o n d i t i o n  
on which s tage REM la te n c y  was s c o ra b le  o n ly  7 .5  m inu tes  a f t e r  s leep 
o n s e t .  Again th e r e  were no i n t r o v e r s i o n - e x t r a v e r s i o n  d i f f e r e n c e s  o r  
I n t e r a c t i o n  d i f f e r e n c e s .
I n s e r t  Tab le  5 about here .
Stage REM leng th  can a ls o  be taken as a p o s s ib le  i n d i c a t i o n  o f  th e  
leve l  o f  c o r t i c a l  a r o u s a l .  However, th e  o n se t  l a te n c y  in  p ro b a b ly  a 
b e t t e r  measure, s ince  i t  i s  p o s s ib l e  t h a t  w i t h  s tage REM leng th  one 
would be measuring how e f f i c i e n t l y  s tage REM s leep  can re -a ro u se  th e  
c o r t e x  o f  v a r io u s  i n d i v i d u a l s  w h i l e  th e  o n se t  la te ncy  would be i n d i c a t -  
ing th e  t im e  when a leve l  low enough was reached t o  need re - a r o u s in g .
The a n a l y s i s  o f  v a r ia n c e  o f  s tage REM leng th  inc ludes  th e  t o t a l  amount 
o f  s tage REM w i t h i n  th e  f i r s t  130 m inutes o f  s le e p .  Over d e p r i v a t  ion™ 
enr ichm en t  c o n d i t i o n s  s tage REM tended t o  be longer a f t e r  th e  d e p r i -
I n s e r t  Tab le  6 about here .
v a t i o n  c o n d i t i o n  (F = 3 .614 ,  d f  = I , 8 , . p  < J O ,  Tab le  6 ) .  There were 
no i n t r o v e r s i o n - e x t r a v e r s i o n  d i f f e r e n c e s .
Stage REM d e n s i t y ,  was computed by d i v i d i n g  the  t o t a l  s tage  REM 
leng th  i n t o  th e  number o f  two second i n t e r v a l s  w i t h i n  s tage REM in which 
a t  l e a s t  one eye movement o c c u r re d .  Accord ing  t o  th e  a n a l y s i s  o f  v a r i ­
ance (Tab le  7) n e i t h e r  th e  e n r i c h m e n t - d e p r i v a t i o n  c o n d i t i o n s  nor the
I n s e r t  Tab le  7 about  here .
•*
I n t r o v e r s i o n - e x t r a v e r s i o n  groups caused any s i g n i f i c a n t  d i f f e r e n c e s .
TABLE 5
ANALYSIS OF VARIANCE FOR REM LATENCY
Source d f MS F
1n t r o v e r s io n  
Ex+ravers  ion
1 21.01 .021
Between E r r o r 8 1003.37
Depri  v a t i o n  
Enr i  chment
1 179.51 1 8 .5 0 * *
I n t e r a c t i o n 1 2. 12 .016
W i th in  E r r o r 8 97.06
* *p  ^  .005
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TABLE 6
ANALYSIS OF VARIANCE FOR REM LENGTH
Source d f MS F
I n t r o v e r s  i on 1 6.05 .088
E x t ra v e rs  i on
Between E r r o r 8 68.53
D e p r i v a t i o n 1 88.20 3.61
Enr i  chment
I n t e r a c t i o n 1 12.80 .524
W i th in  E r r o r 8 24.46
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TABLE 7
ANALYSIS OF VARIANCE FOR REM DENSITY
Source d f MIS F
1 n t r o v e r s  i on 
E x t ra v e rs  i on
1 13.91 .884
Between E r r o r 8 15.74
Depri  v a t i o n  
Enr i chment
1 7 .2 2 1 .24
I n t e r a c t i  on 1 20.81 3.57
Wi t h  i n E r r o r 8 5 .83
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However, th e  i n t e r a c t i o n  approached s i g n i f i c a n c e  (F = 3 ,5 7 ,  d f  I ,  8, 
p < ,1 )  w i t h  e x t r a v e r t s  te n d in g  t o  have g r e a t e r  d e n s i t y  a f t e r  th e  
e n r ichm ent  c o n d i t i o n .
i f  eye movements (number o f  two second i n t e r v a l s  w i t h i n  a stage 
REM p e r io d  in  which a t  l e a s t  one eye movement o ccu r re d )  are  cons idered  
independen t ly  o f  s tage  REM le n g th ,  the  a n a l y s i s  o f  v a r ia n c e  (Tab le  8) 
i n d i c a te s  a s i g n i f i c a n t  d i f f e r e n c e  between th e  d e p r i v a t i o n  and e n r i c h ­
ment c o n d i t i o n s  (F = 5 .299 ,  d f  = I , 8, p < .05) w i t h  more eye movements 
o c c u r r i n g  a f t e r  th e  d e p r i v a t i o n  c o n d i t i o n .  There were no i n t r o v e r s i o n - '
I n s e r t  Tab le  8 about here .
e x t r a v e r s io n  d i f f e r e n c e s  nor was th e r e  an i n t e r a c t i o n .
The la te ncy  o f  s leep  o n se t  under a l l  c o n d i t i o n s  was a p p ro x im a te ly  
th e  same. The f o u r  c o n d i t i o n  means d id  no t  v a ry  from th e  ove r  a I I mean 
( I 6 .6  m inu tes )  by more than I .5 m in u te s .
The a n a l y s i s  o f  v a r ia n c e  f o r  th e  i n t e r e s t  r a t i n g s  (Tab le  9) shows
I n s e r t  Tab le  9 about here .
a s i g n i f i c a n t  d i f f e r e n c e  between the  e n r i c h m e n t - d e p r i v a t  ion c o n d i t i o n s  
(F = 84 .85 ,  d f  = I ,  8, p < .0 0 1 ) ,  bu t  t h e r e  were no o th e r  d i f f e r e n c e s .
Though th e  20 second t im e  e s t im a t i o n s  d u r in g  th e  d e p r i v a t i o n  served 
p r i m a r i l y  as a means t o  m o n i t o r  th e  Ss t o  see t h a t  they  d id  no t  go 
t o  s le e p ,  th e  f requency  o f  key presses was examined c l o s e l y  ove r  th e  
f i r s t  and l a s t  20 m inu tes  o f  each d e p r i v a t i o n  p e r io d .  The combined 
number o f  key presses ove r  th e  examined 40 m inu tes  (120 tw e n ty  second 
i n t e r v a l s )  shows t h a t  i n t r o v e r t s  pressed a mean o f  91 ,6  t im es  w h i l e  
e x t r a v e r t s  pressed a mean o f  I 1 8 .1 t im e s .  The d i f f e r e n c e ,  however, was
TABLE 8
ANALYSIS OF VARIANCE FOR EYE MOVEMENT
Source d f MS F
1n t r o v e r s  i on 
E x t ra v e rs  i on
1 80.00 .036
Between E r r o r 8 2187.15
D e p r i v a t i  on 
Enr ichment
1 3645.00 5 .3 0 *
1n t e r a c t i o n 1 423.2 .615
W i th in  E r r o r 8 687.85
*p < .05
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TABLE 9
ANALYSIS OF VARIANCE FOR INTEREST RATINGS
Source df MS F
1n t r o v e r s io n  
E x t r a v e rs io n
1 1 .68 .498
Between E r r o r 8 3 .78
D e p r i v a t i  on 
Enr i  chment
1 187.27 8 4 .8 5 * *
I n t e r a c t i o n 1 .050 .023
W i th in  E r r o r 8 2.21
* * p < . 0 0 1
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n o t  s i g n i f i c a n t  ( t  = .949.,. d f  = 8, n s ) .  Comparing the  f i r s t  20 minute  
p e r io d  o f  20 second t im e  e s t im a t i o n s  t o  th e  l a s t ,  th e r e  was a mean 
decrease o f  5 .5  e s t i m a t i o n s .  However, again  th e  d i f f e r e n c e  was no t  
s i g n i f i c a n t  ( re Ia ted  t  = 1 .75, d f  = 9, p < .1) .
DISCUSSION 
E n r ic h m e n t -D e p r i v a t i  on E f f e c t s
The e f f e c t s  o f  t h e  en r ich m e n t  and d e p r i v a t i o n  c o n d i t i o n s  on stage 
REM s leep were c l e a r l y  in th e  hypo thes ized  d i r e c t i o n  and seem most 
e a s i l y  i n t e r p r e t e d  as i n d i c a t i n g  a need f o r  s tage  REM t o  m a in ta in  c o r ­
t i c a l  a r o u s a l .  I t  i s  p o s s ib le , -  however, t h a t  both Ephron and C a r r i n g ­
t o n ^  (1966) c o r t i c a l  homeostasis h yp o th e s is  and B e rg e r ’ s (1969) ocu­
lom o to r  in n o v a t io n  h yp o th e s is  m igh t  exp I a in  th e  r e s u l t s .
B e rg e r ’ s h y p o th e s is ,  i t  w i l l  be remembered, s t a te s  t h a t  s tage  REM 
s leep  serves t o  m a in ta in  th e  neuromuscuIar  c o o r d in a t i o n  between th e  
eyes. In th e  e n r ichm en t  c o n d i t i o n  i t  can be assumed t h a t  th e r e  was 
more eye movement s im p ly  because t h e r e  was more t o  look a t .  Accord ing  
t o  B e rg e r ,  th e n ,  t h e re  shou ld  be less  eye movement a f t e r  t h e  en r ichm en t  
c o n d i t i o n .  I f  eye movements are examined independen t ly  o f  th e  length  
o f  th e  s tage  REM p e r io d  in which they  appeared, t h e r e  a re  more eye 
movements a f t e r  th e  d e p r i v a t i o n  c o n d i t i o n .  However, s in c e  s tage REM 
length  a ls o  tended t o  be lon g e r  a f t e r  th e  d e p r i v a t i o n  c o n d i t i o n ,  more 
t im e  was a l low ed  f o r  eye movements. I f  s tage  REM length  is  c o n t r o l l e d  
f o r  and d e n s i t y  o f  eye movements d u r in g  s tage  REM is  looked a t ,  th e  
d i f f e r e n c e  between th e  e n r ichm en t  and d e p r i v a t i o n  c o n d i t i o n s  d id  no t  
even approach s i g n i f i c a n c e .  I n t e r e s t i n g l y  enough, th e  i n t e r a c t i o n  d id  
approach s i g n i f i c a n c e  ( p < .1) w i t h  more eye movements f o r  t h e  e x t r a ­
v e r t s  a f t e r  th e  en r ichm en t  c o n d i t i o n .  Such tends t o  be t h e  o p p o s i te  
o f  what m igh t  be expected a cco rd in g  t o  Berger .
Dewan’ s (1968) programming h yp o th e s is  has d i f f i c u l t y  in  e x p la i n i n g
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t h e  da ta .  As mentioned, a cco rd in g  t o  th e  programming h y p o th e s is ,  S_s 
should  most l i k e l y  e xp e r ie n ce  more s tage REM s leep  a f t e r  th e  e n r i c h ­
ment cond i t  ion s in c e  they  would have exper ienced  more s t i m u l i  neces­
sa ry  t o  in c o r p o ra te  o r  program i n t o  th e  b r a i n .  Dewan m igh t  be ab le  
t o  e x p la i n  th e  data  by m a in t a i n in g  t h a t  th e  hour  and a h a l f  o f  s tudy  
combined w i t h  t h r e e  hours o f  20 second time- exami n a t io n s  was a c t u a l l y  
more unusual than th e  e n r ichm en t  c o n d i t i o n .  However, i t  is f e l t  t h a t  
such would no t  be t h e  a p r i o r i  p r e d i c t i o n  f o r  t h e  resuI t s  . A ls o ,  i f  
one wi I I g r a n t  t h a t  most unusual o r  novel c o n d i t i o n s  are  more i n t e r e s t ­
ing ,  p a r t i c u l a r l y  f o r  coI lege s t u d e n t s , the  la rge  d i f f e r e n c e  in i n t e r e s t  
ra t in g -m a ke s  i t  d i f f i c u l t  t o  argue f o r  t h e  d e p r i v a t i o n  c o n d i t i o n  as th e  
more unusua l .  Perhaps one method f o r  p r e c i s e l y  -g e t t i n g  around th e  
p o s s ib le  problem would be t o  in c lu d e  t h r e e  s t i m u l a t i o n  p e r io d s  w i t h  a 
s t i m u l a t i o n  p e r io d  t h a t  was somewhere in  between th e  en r ich m e n t  and 
d e p r i v a t i o n  p e r io d s .  Thus, t h e  n o v e l t y  t h a t  m igh t  be a s s o c ia te d  w i th  
th e  e x t re m e ly  monotonous ta s k  o f  e s t i m a t i n g  20 second i n t e r v a l s  shou ld  
no t  be p re s e n t  in t h e  in te r m e d ia te  c o n d i t i o n .
Due t o  th e  v a r i e t y  o f  s t i m u l a t i o n  used in th e  novel s t i m u l a t i o n  
e n r ichm en t  c o n d i t i o n  as compared t o  t h a t  used in th e  novel s t i m u l a t i o n  
d e p r i v a t i o n  c o n d i t i o n ,  i t  is  p o s s ib l e  t h a t  one o r  two s p e c i f i c  d i f f e r ­
ences, and no t  th e  whole o f  th e  s t im u lu s  complex caused th e  d i f f e r e n c e s  
in  th e  c o n d i t i o n s .  One, t h a t  o f  d i f f e r e n c e s  in eye movements, has 
a l re a d y  been d iscussed .  O the r  f a c t o r s  t h a t  m igh t  have s i n g u l a r l y  a f ­
fe c te d  th e  r e s u l t s  a re :  degree o f  m o t i l i t y  o r  muscle movement, s o c ia l  
I s o l a t i o n ,  s le e p in e s s ,  o r  th e  s t r e s s  o f  be ing in a smal l  (5 X 5) room.
Hauri  (1968) ,  us ing  c o n d i t i o n s  o f  s t renuous  p hys ica l  e x e r c i s e ,  concen­
t r a t e d  s tu d y in g  and r e l a x a t i o n ,  found t h a t  t h e re  were no d i f f e r e n c e s  
as t o  la te ncy  o f  th e  f i r s t  s tage  REM s leep  p e r io d .  T h e r e fo r e ,  th e  even
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less extreme d i f f e r e n c e s  in ' m'uscuIar a c t i v i t y  between th e  enr ichment  
and d e p r i v a t i o n  c o n d i t i o n s  would n o t  be expected t o  have an e f f e c t .
The te rm  " s o c i a l  i s o l a t i o n ”  is r a th e r  an imprec ise  name f o r  a 
c o n d i t i o n ,  n o t  o n ly  because th e r e  can be such a wide v a r i e t y  o f  a c t i ­
v i t i e s  t h a t  one can per fo rm  i n d i v i d u a l l y ,  b u t  t h e r e  is  such a wide 
v a r i e t y  o f  n o n - s o c i a l - i s o l a t i o n  c o n d i t i o n s  t o  compare i t  w i t h  .(. e_. ,
f rom s i t t i n g  th e  same room q u i e t l y  t o  sex.
I f  s o c ia l  i s o l a t i o n  is  dete rmined by th e  number o f  people S_s made 
v i s u a l  c o n ta c t  w i th  d u r in g  the  f i v e  hours b e fo re  go ing  t o  bed, the  
en r ichm ent  c o n d i t i o n  wouId c e r t a i n I y  be th e  n o n - s o c i a I - i s o  I a t  ion c o n d i ­
t i o n ,  w h i Ie  th e  d e p r i v a t i o n  c o n d i t i o n  would have t o  be c a l l e d  th e  so­
c i a l  i s o l a t i o n  c o n d i t i o n  because o f  th e  movies a t te n d e d .  However, 
i f  one were t o  c o n s id e r  o n ly  the  21 hours b e fo re  bed, th e r e  would be 
th e  same amount o f  s o c ia l  I s o l a t i o n  (e_. <g_. , th e  same amount o f  c o n ta c t  
w i t h  E_) in both c o n d i t i o n s .  A lso ,  i f  by s o c ia l  i s o l a t i o n  one meant 
ve rb a l  i n t e r a c t i o n ,  th e re  would be a lmost  th e  same amount under both 
c o n d i t i o n s  s i n c e ,  excep t  f o r  a p o s s ib le  " H e l l o ”  t o  a f r i e n d  w h i l e  
go ing  i n t o  o r  coming o u t  o f  th e  t h e a t e r ,  in: t h e  en r ichm ent  c o n d i t i o n ,  
th e r e  was no t im e  f o r  ve rba l  i n t e r a c t i o n .
I t  was expected t h a t  S_s d u r in g  th e  d e p r i v a t i o n  c o n d i t i o n  would 
have re p o r te d  f e e l i n g  s l e e p i e r ,  s in c e  such is  o f t e n  a r e a c t i o n  t o  
boredom. However, i f  leng th  o f  t im e  t o  s leep  o n se t  is  taken as an i n ­
d i c a t i o n  o f  " s le e p in e s s "  t h e r e  was e s s e n t i a l l y  no d i f f e r e n c e  between 
th e  d e p r i v a t i o n  and en r ichm en t  c o n d i t i o n s .  A lso ,  because a l l  S_s were 
ab le  t o  pe r fo rm  f a i r l y  a c c u r a t e l y  a t  the  t i m e - e s t im a t i n g  ta s k  d u r in g  
th e  d e p r i v a t i o n  c o n d i t i o n ,  i t  would be d i f f i c u l t  t o  argue t h a t  a 
" s le e p in e s s ”  v a r i a b l e  was a majo r  d e te rm in a n t  in d i f f e r e n c e  o f  average 
s tage REM appearance (ARA) f o r  th e  s t i m u l a t i o n  c o n d i t i o n s .
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I t  would a l s o  be d i f f i c u l t  t o  label th e  s t r e s s ,  i f  a n y , o f  be ing 
enc losed In a 5 X 5 f t .  room as be ing  a majo r  d e te rm in in g  f a c t o r  in 
ARA d i f f e r e n c e s .  Though no work has been done s p e c i f i c a l l y  co n ce rn in g  
t h e  e f f e c t  o f  v a r y in g  room s i z e  on subsequent s tage  REM s le e p ,  Baeke­
land, Kou lack ,  and Lasky (1968) have used f i l m s  t o  produce s t r e s s f u l  
and n e u t ra l  p re -s le e p  e x p e r ie n c e .  One o f  t h e i r  m a jo r  f i n d i n g s  was t h a t
s tage  REM d e n s i t y  was s i g n i f i c a n t l y  g r e a t e r  a f t e r  th e  s t r e s s . f i l m .  In
t h i s  e xp e r im e n t ,  though t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in s tage  
REM d e n s i t y ,  t h e r e  was a tendency f o r  e x t r a v e r t s  t o  have a g r e a t e r  
s tage  REM d e n s i t y  a f t e r  t h e  e n r ich m e n t  c o n d i t i o n .  I t  i s  p o s s ib Ie ,
however, t o  i n t e r p r e t  t h e  Baekeland e t  a I ♦ r e s u l t s  in  a n o th e r  way.
T h e i r  s t r e s s  f i l m ,  "an a n th r o p o lo g i c a l  documentary o f  a sub i n c i s i o n  
i n i t i a t i o n  r i t e  ( r i t e  de passage) p r a c t i c e d  by A u s t r a l i a n  a b o r i g i n i e s , "  
cou ld  e a s i l y  be c a l l e d  a novel s t i m u l a t i o n  e n r ichm en t  c o n d i t i o n ,  and 
th e  n e u t ra l  f i l m ,  a t r a v e lo g u e ,  cou ld  be c a l l e d  a novel s t i m u l a t i o n  
d e p r i v a t i o n  c o n d i t i o n ,  p a r t  i cu l  a r l y ' s  i nee 10 o f  t h e i  r  12 Ss were 
col Iege s t u d e n t s . I n t e r e s t i n g l y ,  t h e  stage REM la te n c y  and s tage  REM 
leng th  f o r  t h e  two c o n d i t i o n s  both d i f f e r e d  in  t h e  same d i r e c t i o n  as 
in  t h i s  s tu d y ,  though no t  s i g n i f i c a n t l y  so.
U n f o r t u n a t e l y ,  a f t e r  th e  co m p le t io n  o f  t h e  e xp e r im e n t  i t  was 
n o t i c e d  t h a t  s tage  REM s leep  was mentioned in  t h e  i n s t r u c t i o n s  f o r  the  
d e p r i v a t i o n  c o n d i t i o n ,  though not mentioned in t h e  i n s t r u c t i o n s  f o r  
t h e  e n r ichm en t  c o n d i t i o n .  Though th e  chance is  s l i g h t ,  i t  is  p o s s ib le  
t h a t  S_s h e a r in g  th e  words "REM s le e p "  decided t h a t  E_ wanted more s tage 
REM on t h a t  p a r t i c u l a r  n i g h t  w h i l e  he wanted less on th e  o t h e r  n i g h t ,  
even though "REM s le e p "  had been mentioned t o  Ss in  c o n ne c t io n  w i th  
t h e  exper Iment  tw ic e  b e fo re .  A s tudy  done by R ech tscha f fen  and Ver-  
done (1964) is  a p p l i c a b l e  t o  t h i s  s i t u a t i o n .  O f f e r i n g  Ss money in a
s p e c i f i c  reques t  t o  have them dream more on one n i g h t  and less on th e  
o t h e r  (as compared w i t h  a normal n i g h t ) ,  th e y  found, re c o rd in g  o v e r  th e  
e n t i r e  n i g h t ,  t h a t  t h e r e  was a d i f f e r e n c e  f o r  t h e  two c o n d i t i o n s  o f  91 
versus  97.6  t o t a l  minutes o f  s tage  REM. However, the  monetary incen­
t i v e  had i t s  e f f e c t  o n ly  o v e r  th e  l a s t  p a r t  o f  the  n ig h t .  No d i f f e r ­
e n t i a t i o n  cou ld  be made lo o k in g  a t  o n ly  th e  reco rd  o f  th e  f i r s t  s tage  
REM p e r io d s .  A c c o r d in g l y ,  th e  m en t ion ing  o f  s tage  REM s leep  in th e  
i n s t r u c t i o n s  t o  Ss in  t h e  d e p r i v a t i o n  c o n d i t i o n  shou ld  have no e f f e c t  
on t h e  e a r l y  n i g h t  s tage  REM p e r io d s  in  th e  p re s e n t  exper im en t .
Ex t  ravers  ion -1 n t r o v e rs  ion
Though th e  p o s s i b i l i t y  o f  an i n t e r a c t i o n  between e x t r a v e r t - i n t r o -  
v e r t  c o n d i t i o n s  was suggested by t h e  average s tage  REM appearance (ARA), 
and s tage REM d e n s i t y  s c o re s ,  th e  lack  o f  a s i g n i f i c a n t  e x t r a v e r s i o n -  
i n t r o v e r s i o n  d i f f e r e n c e  on any o f  th e  o t h e r  measures is  i n d i c a t i v e  o f  
th e  f a c t  t h a t  such a v a r i a b l e  has l i t t l e  e f f e c t  on s tage REM s le e p .  
U n f o r t u n a t e l y ,  t h e r e  is  no method by which t o  judge  how la rg e  an e f f e c t  
th e  e x t r a v e r s  i o n - i  n t r o v e rs  ion va r i a b  Ie shou ld  have i f  th e  h yp o th e s is  
were c o r r e c t .  C e r t a i n l y ,  t h e  r a t h e r  la rge  va r ia n ce s  t y p i c a l  between 
S_Ts s tage REM s leep he lp  obscure any r e s u l t s .  In o r d e r  t o  t e s t  ade­
q u a te ly  th e  e x t r a v e r s  i o n - i  n t r o v e rs  ion v a r i a b l e  e f f e c t s ,  S_s shou ld  be 
matched acco rd in g  t o  normal s tage REM o n s e t ;  a n d /o r  a l a r g e r  ^ p o p u l a ­
t i o n  shou ld  be used s in c e ,  a cco rd in g  t o  Fr iedman’ s (1968) r m t a b l e ,  an 
i n t e r a c t i o n  between i n t r o v e r s i o n  and e x t r a v e r s i o n  f o r  th e  ARA w i th  th e  
d i f f e r e n c e  and v a r ia n c e  a c t u a l l y  o b ta in e d  cou ld  not be expected t o  be 
s i g n i f i c a n t  f o r  fewer than 20 S s . I f  e x t r a v e r s i o n - i n t r o v e r s i o n  mea­
sures do show i n t e r a c t i o n  d i f f e r e n c e s  as p r e d i c t e d ,  i t  becomes d i f f i ­
c u l t ,  p a r t i c u l a r l y  f o r  B e rg e r ,  t o  d isag ree  w i th  th e  c o r t i c a l  a rousa l  
h y p o th e s is  f o r  s tage  REM s le e p .
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Ano the r  p o s s ib l e  cause o f  t h e  e x t r a v e r s i o n - i n t r o v e r s i o n  c o n d i t i o n  
n o t  hav ing  a s i g n i f i c a n t  e f f e c t  was th e  d i f f e r e n t  movies seen by each 
S_. I f  t h e  e x t r a v e r t  group a t tended  more e x c i t i n g  ( c o r t i c a l l y  a ro u s in g )  
m o v i e s , " i t  is  p o s s ib l e  t h a t  no d i f f e r e n c e s  between e x t r a v e r t s  and 
i n t r o v e r t s  wouId r e s u l t .  However, even i f  t h e r e  were a d i f f e r e n c e  in 
t h e  movies, which is  d o u b t f u l ,  i t  i s  n o t / ' l i k e l y  t h a t  t h e  increased 
a rousa l  would l a s t  th e  t h r e e  hours u n t i l  go ing  to  bed.
C o n s id e r in g  a l l  th e  above, th e  most pars imon ious  e x p la n a t io n  o f  
th e  r e s u l t s  is  s t i l l  t h a t  s tage  REM serves as a means o f  endogenous 
s t i m u l a t i o n  which m a in ta in s  neuraI and p o s s ib l y  c e r t a i n  f i n e  muscle 
movement systems w i t h i n  p ro p e r  f u n c t i o n a l  l i m i t s  d u r in g  s le e p .
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APPENDIX C
SCALE ON WHICH Ss RATED ENRICHMENT AND DEPRIVATION CONDITIONS
very
very
Compared w i t h  my usual n i g h t  a c t i v i t i e s  th e :
Key tap  n ig h t  was 
d u l l _____________ _ _ ___________ ________________________VERY EXCITING
Movie, odds and ends room n i g h t  was 
du I I__________________________________  VERY-EXCITING
Put a check a t  th e  p lace  on th e  l i n e  t h a t  b e s t  f i t s .
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